Abstract-One of the goal of the Nephron-Sparing Surgery preoperative planning is to delineate as exactly as possible the renal carcinoma and to specify its relations to the renal arterial, venous and collecting system anatomy. The classical preoperative imaging system is the Spiral CT Urography, which gives successive 3D acquisitions of complementary information about the kidney anatomy. The fusion of this information can be achieved by intra-patient registration techniques. However, because the kidney is difficult to demarcate from the liver or the spleen, a partial information registration technique should be used. In our paper we propose a methodology based on spherical harmonics, which can be used for partial information registration and also for the 3D kidney form modeling.
I. INTRODUCTION
Renal cancer represents 2 to 3% of whole cancers and is the third more frequent in urologic cancer. Today, renal tumors are detected more and more precociously. Such tumors are usually less than 4 cm, so a nephron sparing surgery can be considered instead of a total nephrectomy. In order to practice this preserving technique, the surgeon needs a precise preoperative planning to delineate as exactly as possible the renal carcinoma and to specify its relations with the renal arterial, venous and collecting system anatomy.
The CT uroscan is the classical preoperative examination. It consists of four time spaced 3D acquisitions, which give complementary information about the kidney anatomy. The first acquisition is realized without injection of contrast agent and informs the surgeon about intern morphology of the patient. The second one, taken just after a contrast medium injection, reveals the renal arterial system. Obtained just a time later, the third acquisition presents the venous and renal parenchyma vascularization. These two acquisitions give also information about the nature and the location of the renal carcinoma. About ten minutes later on the last acquisition the collecting system is enhanced.
Since information from these acquisitions is of a complementary nature, it is useful for the surgeon to integrate this information within a unique spatial volume. The first step in this integration process is to bring the different acquisitions into spatial alignment. This procedure is referred as registration.
The nature of the CT acquisitions leads us to decide for a 3D-3D, monomodal, intra subject registration technique [1] . We supposed that the kidney shape is not deformed during the acquisitions even during the respiratory movements. This hypothesis leads us to choose a rigid kidney-centered registration technique. We do not dispose of extrinsic landmarks, and the selection of intrinsic landmarks is not easy and too much operator dependant. We choose to base our registration on the object spatial properties. Among this class of registration methodologies the most common used is based on the object characterization by its geometrical moments [2] . This method uses all surface or volume information and consists in realigning the center of gravity and the principal axes orientation.
However, because the kidney is difficult to demarcate from the liver or the spleen (no identified limits, similar gray levels and similar behavior after injection of contrast agent), partial information registration technique should be used. The object spatial properties can also be expressed by spherical harmonics as mentioned by Burel and Henocq [3] [4] [5] . This description can be used for registration but also for objects modeling. In their work, the registration proceeds only on the whole volume or surface information. In this article, we present a methodology which can also be applied on partial information.
II. SPHERICAL HARMONICS
The spherical harmonics are functions defined on the unit sphere. They were developed in quantum mechanics and are today used in shape recovery and modeling Intra subject 3D/3D Kidney Registration/Modeling using Spherical Harmonics applied on Partial Information 
Where Y l m are the spherical harmonics indexed by l, the harmonic degree which vary from 0 to L, with L, the decomposition level, and -l < m < l . θ and ϕ, the spherical coordinates angle respectively to Z and within the XY plane, P l m () the Legendre polynomial.
Characteristics Spherical harmonics constitute a basis of orthogonal functions, which ensure the uniqueness of the decomposition of a shape over the unit sphere. So, any finite energy and differentiable function defined over the sphere can be approximated by a linear combination of spherical harmonics:
Where f(θ, ϕ) is in our case the surface of a 3D object described in the spherical coordinate system and the C l m coefficients correspond to the shape coordinates on spherical harmonics basis.
The surface modeling consists in finding the C l m coefficients for a specific shape. They can be obtained by the projection of the shape onto the basis of spherical harmonics:
Registration method with all information A registration methodology has been described in [3] . In this methodology there is no need to establish correspondences between points and it is not an iterative research. It is based on the tensors properties. The 3D object is decomposed on the spherical harmonics basis which coefficients are calculated according to the formula (3). Because the coordinate system is object centered, the decomposition of an object is almost invariant in translation. Thus, the translation registration consists only in realigning the surfaces centers of gravity. From the harmonic coefficients it is possible to determine the orientation of any 3D object in relation to a shape dependant (and also coefficient dependant) reference position is an explicit function of Euler angles detailed in [3] The principle of the registration of two surfaces by spherical harmonics consists in: 1) Determining the orientation of each surface with regard to the shape dependent reference position by resolving the equation (5) with the conditions mentioned in (4). 2) Using these orientations to find the rotation matrix between the two surfaces. We obtain the following scheme:
Where R 1 and R 2 are the rotation matrices constructed respectively from the angles α 1 , β 1 , γ 1 and α 2 , β 2 , γ 2 . And R is the final rotation matrix, which realign the surface 2 on the surface 1.
Registration method, with missing information The registration method based on Euler angles does not vary when we work with sparse or missing information. However, we cannot compute the harmonic coefficients by linear integration like in the formula (3) anymore, because some data for certain spherical coordinates θ, ϕ are missing. One solution consists in estimating the coefficients from the accessible information by a mean square fitting technique.
Thus, let Y be the matrix of spherical harmonics, where each line corresponds to a known point of the surface: Our methodology has been first evaluated on a 3D database containing a segmented kidney. We used this first data as a reference volume. In order to test our registration method, we generated different databases by applying several known rotations around the center of gravity on this reference volume. We used 3D interpolation during the rotation in order to limit approximation errors and take the partial volume effect into account.
Volumes sampling and surfaces extraction: All the computation has been performed within the spherical coordinate system. In order to discard undersampling errors, we choose a sampling step of 1 degree in θ (angle relative to Z axis) and 2 degrees in ϕ (angle within the XY plane). The points of the renal surface have been obtained by tracing rays from the center of gravity towards the surface for each direction θ i , ϕ j , i ∈ [0, π] et j ∈ [0, 2π] In order to validate the registration method on missing data, we eliminated points on each surfaces. We took attention to realize this suppression at the same place for each of them. This points suppression has been performed in the following way: around a specific direction we fixed a truncation angle which generate a cone. Each surface sample, which coordinates belong to this cone, is eliminated. Fig 2: A slice of the truncated database.
Harmonic coefficients computation We considered 3 cases: A) The coefficients computation by the linear integration with a decomposition level L = 2, according to the formula (3). The volume is here regularly sampled, and the information is complete. B) The estimation of coefficients by mean square fitting on complete and regularly sampled data. C) Last, we estimate the coefficients by mean square fitting, on the same data, but after points suppression for different truncation angles.
Registration
The registration was realized according to the method explained in the previous paragraph, and this for coefficients obtained for each case mentioned above.
IV. RESULTS
The results presented in this section are the outcomes for a specific case, but they reflect results obtained on different volumes and for different rotations. Our results follow different evaluation levels: 1) The validation of the classical registration method performed on the data for the case A.
2) The validation of the least square fitting technique (case B). This validation allows us to choose the optimum decomposition level.
3) The application of the least square fitting method on incomplete data (case C).
Results for linear integration
Here is an example of the result obtained when we compute the coefficients by linear integration for a decomposition level L = 2, and an initial global rotation of 27.81°. 
This result, which confirms those obtained in [3] , has been used as reference for the following tests. Estimation of the optimal decomposition level According to [3] , the registration method uses only the second order coefficients. However, as it can be seen on the formula (6), it is possible to estimate the coefficients by least square fitting by using some higher decomposition level L. Thus, we evaluated the influence of the decomposition level L on the harmonic coefficients estimation precision by computing the error between the analytical estimation (formula 3) and the least square fitting technique.
Our results demonstrate that on complete data, and for a decomposition level L = 7, the coefficients estimation error is less than 1%, and less than 0.3% from L = 9. Moreover, the errors for the second order coefficients (used by the registration) are lower than 0.1%.
As an example here is the graphic representing for C 2 2 the relative error between the least square fitting estimated coefficients and the analytical one computed by linear integration versus decomposition level: Influence of truncation angle First the evaluation has been performed by quantifying the harmonic coefficients estimation related to the performed truncation angle. The obtained results demonstrate that for a 30 degree truncation angle the coefficients estimation error is small (2 to 3%). A 30 degree truncation angle corresponds approximately to 6 to 7 % of the whole surface. But for higher truncation angle, the error increases rapidly. This can be explaining by the fact that coefficients depends on the object shape and that a high truncation misrepresent completely this shape.
The registration accuracy follows the same evolution. The orientation computation of the object depends directly on the estimated coefficients. So, even if the point elimination is the same on the two surfaces, too high truncation does not allow a sufficiently precise modeling of the object surface. The graphic below (fig 4) presents the evolution of the error on the estimated registration angle, calculated for a decomposition level L = 9 and for different truncation angles. V. CONCLUSION In this paper we presented a spherical harmonics based registration technique. Its particularity is the estimation of the harmonic coefficients by a least square fitting method. This technique can be applied on complete but also on partial information. However, our method shows increasing registration error when the missing information is over than 6 to 7% of the entire surface.
